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ABSTRACT 

P re l imina ry  Apollo 1 6  l u n a r  s u r f a c e  t i m e l i n e s  have 
been cons t ruc t ed .  Task t i m e s  assumed f o r  v a r i o u s  l u n a r  s u r f a c e  
a c t i v i t i e s  w e r e  t hose  used i n  p re l imina ry  Apollo 15 p lanning .  
The f irst  EVA w a s  scheduled immediately a f t e r  touchdown, and 
no s tandup EVA w a s  inc luded .  

A t i m e l i n e  w i t h  three EVA'c ( E , ? , ?  I-.-------\ rruULa) tuidiiea 
0 1 . 1 3  nours .  This  t i m e l i n e  i s  f e a s i b l e  from a LM d e s c e n t  con- 
sumables s t a n d p o i n t  a l though t h e  p r o j e c t e d  H20 margin i s  o n l y  
3 l b .  

c- -- 

A t i m e l i n e  wi th  four  EVA'S ( 6 , 7 , 7 , 7  hours) t o t a l l e d  
79.17 hours .  This  t i m e l i n e  pushes t h e  system c a p a b i l i t y  v e r y  
hard; however, t h e  a d d i t i o n a l  s c i e n t i f i c  r e t u r n  from seven 
more hours  of s u r f a c e  EVA may j u s t i f y  t he  s a c r i f i c e s  r e q u i r e d  
t o  make such a t i m e l i n e  f e a s i b l e .  The p r o j e c t e d  LM d e s c e n t  
consumables margins are 1 2  amp-hr of b a t t e r y  charge and -61  lb 
of H20. Since  the c u r r e n t l y  planned H20 load i s  408 l b  and 
the  tank c a p a c i t y  i s  666 lb, a d d i t i o n a l  H20 could  be loaded 
t o  provide  a p o s i t i v e  margin a t  t h e  expense of some a v a i l a b l e  
d e s c e n t  hover t i m e .  Addi t iona l  p r o v i s i o n s  r e q u i r e d  f o r  a 
f o u r t h  EVA would a lso i n c r e a s e  LM weight  and decrease hover  
t i m e .  Other  l ower -p r io r i ty  i t e m s  t h a t  c o n t r i b u t e  t o  t o t a l  
LM weight  would have t o  be e l imina ted  t o  provide  t h e  c a p a b i l i t y  
f o r  such an extended l u n a r  s t a y  w i t h  f o u r  E V A ' s .  LM systems 
are c u r r e n t l y  q u a l i f i c a t i o n  tested f o r  s u r f a c e  s t a y s  of  on ly  
up t o  72 hours ,  and longer  s t a y s  would r e q u i r e  s p e c i a l  approval .  
A 72-hour s t a y  i s  t h e  minimum s t a y  f o r  which f o u r  E V A ' s  w i l l  
y i e l d  a t  least  as much EVA t i m e  as a t h r e e - E V A  t i m e l i n e .  

t o  - Y 
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Lunar s u r f a c e  t i m e l i n e s  should  be  designed so as t o  
allow f o r  t h e  maximum amount of s c i e n t i f i c  r e t u r n  wh i l e  meeting 
t h e  o p e r a t i o n a l  c o n s t r a i n t s  imposed by t h e  equipment o r  crew. 
The Apollo 1 6  c r e w  has  expressed a p r e f e r e n c e  f o r  a t i m e l i n e  
t h a t  calls f?r 2 Irm2.r ~ c r f s z z  X A  Ltutwiiaceiy ar ter  touchdown 
and i n c l u d e s  no s tandup EVA (SEVA). Mention has  a lso been 
made of i n c r e a s i n g  t h e  number of s u r f a c e  EVA's  from t h r e e  t o  
f o u r  to  i n c r e a s e  t h e  s c i e n t i f i c  r e t u r n .  P re l imina ry  l u n a r  
s u r f a c e  t i m e l i n e s  have heell c o n s t r u c t e d  f o r  a n a l y s i s  of t h e i r  
c r e w  work/ res t  c y c l e s  and LM consumables requi rements .  T i m e -  
l i n e s  w i t h  t h r e e  EVA's  of 6 , 7 , 7  hours  d u r a t i o n  and w i t h  f o u r  
E V A ' s  of 6 , 7 , 7 , 7  hours  du ra t ion  w e r e  examined. 

Candidate  Lunar S u r f a c e  Timelines 

I n  c o n s t r u c t i n g  t h e  cand ida te  t i m e l i n e s ,  t h e  t i m e s  
r e q u i r e d  t o  perform v a r i o u s  a c t i v i t i e s  on t h e  l u n a r  s u r f a c e  
w e r e  taken t o  be t hose  used i n  p re l imina ry  Apollo 15 p lanning  
(Reference 1) : 

Pos t-touchdown a c t i v i t i e s  
E a t  
Pre-EVA b r i e f i n g  
Don or  do f f  s u i t s  
EVA p reps  ( f i r s t  EVA) 
EVA p reps  (subsequent EVA'S)  
Pos t -EVA ac t iv i t i e s  
Post-EVA d e b r i e f  
P r e -  or pos t - s l eep  a c t i v i t i e s  
S l e e p  
P57 power up 
P r e - l i f t o f f  act ivi t ies  

1.25 h r  
.75 
.17 
.50 

2 . 0 0  
1.75 
1.50 

.25 

.25 
8.00 

.25 
1.25 

. . .  - 
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The minimum e ight -hour  s l e e p  p e r i o d  r e q u i r e d  by t h e  Medical 
Research and Operat ions D i r e c t o r a t e  (MROD) a t  MSC has  been 
main ta ined ,  and t h e  EVA pe r iods  are a maximum of seven hours  
i n  d u r a t i o n .  The t i m e  blocks l i s t e d  above are only  approxi-  
m a t e ,  and later ad jus tments  can be made t o  t h e  t i m e l i n e s  t o  
f i t  them i n t o  t h e  i n t e r v a l  from touchdown t o  l i f t o f f  i n  t h e  
f i n a l  f l i g h t  p l an .  

A cand ida te  t i m e l i n e  w i t h  t h r e e  E V A ' s  of 6 , 7 , 7  hours  
d u r a t i o n  i s  shown i n  F igu re  1. The t o t a l  l u n a r  s u r f a c e  s t a y  
t i m e  i s  67.75 hours .  Assuming t h e  c r e w  i s  awake 9-10 hours  
b e f o r e  touchdown, t h e  f i r s t  day on t h e  s u r f a c e  w i l l  t o t a l  
about  23 hours  between r e s t  pe r iods .  

A t i m e l i n e  wi th  four  EVA's  of 6 , 7 , 7 , 7  hours  d u r a t i o n  
i s  shown i n  F igu re  2 .  T h i s  t i m e l i n e  t o t a l s  79.17 hours  on t h e  
s u r f a c e  and invo lves  bo th  a long touchdown day (about  23 hours )  
and a long l i f t o f f  day (about  22 h o u r s ) .  Q u a l i f i c a t i o n  t e s t i n g  
of LM systems i s  c u r r e n t l y  done on ly  f o r  a 72-hour s t a y :  however, 
w i t h  s u f f i c i e n t  mot iva t ion  longer  s t a y s  could be approved. 

Z L L ~ I ~ L  i i m e i i n e  c a n  be shor tened  simply by reducing  
EVA t i m e .  For example, the four-EVA t i m e l i n e  could  be  reduced 
from 79 hours  t o  75 hours  by making t h e  E V A ' s  5 ,6 ,6 ,6  hours  i n  
d u r a t i o n .  A 72-hour s t a y  is t h e  minimum s t a y  f o r  which f o u r  
EVA'S w i l l  y i e l d  st least as much EVA t i m e  as a three-EVA t i m e -  
l i n e .  S l e e p  pe r iods  could also be  sho r t ened ;  however, s i n c e  
l u n a r  s u r f a c e  s l e e p  p e r i o d s  have tended t o  be shor tened  o r  a t  
l eas t  degraded on p a s t  m i s s i o n s ,  p lanning  s l e e p  p e r i o d s  of  less 
t h a n  e i g h t  hours  i s  n o t  adv i sab le  e s p e c i a l l y  i n  t h e  four -EVA 
case when long  work days a r e  r e q u i r e d  f o r  bo th  touchdown and 
l i f t o f f  days.  

LM Descent S tage  Consumables Usage 

have been c a l c u l a t e d  from Apollo 15 pre-mission d a t a  (Reference 2 ) .  
The rates are as fo l lows:  

Approximate LM descent  s t a g e  consumables usage rates 

Electr ical  c u r r e n t  - 20.3 amp 
H20 - 25 lb/EVA, 3.37 lb /h r  
O2 - 7.3 lb/EVA, 5.8 l b  f o r  cabin r e p r e s s  

a f t e r  equipment j e t t i s o n ,  .196  l b / h r  
i n  p r e s s u r i z e d  LM. 

These usage rates w e r e  used t o  estimate t h e  consumption du r ing  
t h e  s u r f a c e  s t a y  f o r  each of  t h e  cand ida te  t i m e l i n e s .  
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The consumables usage summary f o r  the 67.75-hour s t a y  
w i t h  three E V A ' s  t o t a l l i n g  20 hour s  is  shown i n  Table 1. Sub- 
s t a n t i a l  margins are a v a i l a b l e  i n  b a t t e r y  charge and 02. Descent 
H20 shows a margin of on ly  3 lb. The b a t t e r y  charge requi rements  
i n c l u d e  63 amp-hr f o r  one contingency r e v o l u t i o n  b e f o r e  l i f t o f f .  
T h e  H20 and 0, r e q u i r e d  f o r  such a r e v o l u t i o n  are cons idered  t o  
be a v a i l a b l e  from the LM ascen t  s t a g e  t a n k s .  

Table 2 shows the  consumables usage summary f o r  t h e  
79.17-hour s t a y  w i t h  f o u r  EVA's  t o t a l l i n g  27  hours .  The d e s c e n t  
H 2 0  has a n e g a t i v e  margin of 6 1  l b  i n  t h i s  case, and t h e  margin 
i n  b a t t e r y  charge  i s  down t o  o n l y  1 2  amp-hr. T h e  c u r r e n t l y  
planned load  of 408  l b  of H20 does  n o t  f i l l  t he  t anks  t o  t h e i r  
c a p a c i t y  of 666 l b .  More descent  H20 could  be loaded t o  provide  
a p o s i t i v e  margin a t  t h e  expense of DPS, SPS, and launch v e h i c l e  
p r o p e l l a n t  reserves. The c u r r e n t  Apollo 1 6  LM weight  i s  69 l b  
under i t s  c o n t r o l  weight  ( 4  sec of descen t  hover t i m e )  w h i l e  SPS 
and launch v e h i c l e  r e s e r v e s  a r e  r e l a t i v e l y  l a r g e  (Reference 3 ) .  
Loading an a d d i t i o n a l  6 1  l b  of H20 onboard would reduce t h e  
a v a i l a b l e  d e s c e n t  hover t i m e  by about  3.5 sec. Add i t iona l  pro- 
v i s i o n s  r e q u i r e d  f o r  a f o u r t h  EVA would a l s o  inct-ea=e L! ~ ~ i c ; k . , t  
Llllu &crease cne a v a i l a b l e  hover t i m e .  -1 

LM d e s c e n t  consumables usage may be qu ick ly  estimated 
f o r  other  l u n a r  s u r f a c e  t i m e l i n e s  u s i n g  t h e  usage rates l i s ted  
abcve s i n c e  t h e  t o t a i  i u n a r  s u r f a c e  requirements  a r e  r e l a t i v e l y  
i n s e n s i t i v e  t o  parameters  other than  t o t a l  s t a y  t i m e  and t h e  
number and d u r a t i o n  of t h e  EVA pe r iods .  For example, t he  75- 
hour  s t a y  mentioned above wi th  f o u r  E V A ' s  t o t a l l i n g  23 hours  
w i l l  r e s u l t  i n  margins of 97  amp-hr i n  b a t t e r y  charge and -47  l b  
i n  H20. 

Summary 

A 67.75-hour l u n a r  s u r f a c e  t i m e l i n e  w i t h  three EVA'S 
t o t a l l i n g  20 hours  is  a w e l l - f i l l e d  t i m e l i n e  and is  f e a s i b l e  
from a LM d e s c e n t  consumables s t a n d p o i n t  a l though t h e  p r o j e c t e d  
H 2 0  margin i s  somewhat sma l l  f o r  t h e  c u r r e n t l y  planned load. 
A 79.17-hour t i m e l i n e  w i t h  four  E V A ' s  t o t a l l i n g  27 hours  pushes 
t h e  system c a p a b i l i t y  very hard; however, t h e  a d d i t i o n a l  s c i e n -  
t i f i c  r e t u r n  from seven more hours  of  s u r f a c e  EVA may j u s t i f y  
the s a c r i f i c e s  r e q u i r e d  t o  make such a t i m e l i n e  f e a s i b l e  from 
a consumables s t a n d p o i n t .  To provide  the  c a p a b i l i t y  t o  c a r r y  
t he  e x t r a  H20 and p r o v i s i o n s  r e q u i r e d  f o r  an extended s u r f a c e  
s t a y  w i t h  f o u r  EVA's, the  a v a i l a b l e  descen t  hover t i m e  must be 
reduced and/or other i t e m s  c o n t r i b u t i n g  t o  t o t a l  LM weight  
(such as equipment, experiments ,  o t h e r  consumables, etc.  ) must 
be e l i m i n a t e d .  LM systems a r e  c u r r e n t l y  q u a l i f i c a t i o n  tested 
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for  s u r f a c e  s t a y s  of only  up t o  72 hour s ,  and l o n g e r  s t a y s  
would r e q u i r e  s p e c i a l  approval.  A 72-hour s t a y  is t h e  minimum 
s t a y  f o r  which f o u r  EVA'S w i l l  y i e l d  a t  least  as much EVA t i m e  
a s  a three-EVA t i m e l i n e .  

2013-KPK-Jab 
Y.P. uuw- 
K .  P. Klaasen 
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BATTERY CHARGE 

I n i t i a l  Capac i ty  
Unusable 

Usable 
Required t o  Touchdown 

Required on Sur face  
Usable on Sur face  

Usable Remaining 
Contingency Rev (2 1 

Margin 

(3)  I n i t i a l  Load 
Unusable 

Usable 
Required t o  Touchdown 

Usable on Sur face  
Required on Sur face  . 

Margin 

I n i t i a l  Load (3)  

Unusable 

2 0 

2075 amp h r  
- 1 0 1  

1 9 7 4  
- 

- 292 
1682 

- 1375 
307 

- 63 
2 4 4  

408  lb 
- 62  

346 
- 4 0  

306 
- 3 0 3  

3 

- 

- 

9 4  l b  
- 5  

Usable 
Required t o  Touchdown 

Usable on Sur face  
Required on Sur face  

89 
- 2  

87 
- 37 

- 

Margin 50 

(I 'Data  from Reference 2 excep t  amounts r e q u i r e d  on s u r f a c e  and 

(2)From Reference 1. 

(3)From Reference 3 .  

i n i t i a l  H 2 0  and 0 2  loads .  

TABLE 1 - LM DESCENT CONSUMABLES USAGE 

FOR 67.75-HOUR LUNAR SURFACE STAY WITH 3 EVA'S'') 

- I  



BATTERY CHARGE 

I n i t i a l  Capacity 

Usable 

Unus ab 1 e 

Required t o  Touchdown 

Usable on Surface 

Required on Surface 

Usable Remaining 
(2  1 Contingency Rev 

Margin 

(3) I n i t i a l  Load 

Unusable 

Usable 

Required t o  Touchdown 

Usable on Surface 

Required on Surface 

Margin 

(3) I n i t i a l  Load 

Unusable 

Usable 

Required t o  Touchdown 

Usable on Surface 

Required on Surface 

Margin 

2075 amp h r  

- 101 
1 9 7 4  

- 292  
1682 

- 1 6 0 7  
75 

- 6 3  

1 2  

- 

408 l b  

- 62  

346 

- 40 
306 

- 367 

- 

- 

- 6 1  

9 4  lb 
- 5  

89 
- 2  

- 

87 

- 45 

42 
- 

("Data f r o m  Reference 2 except  amounts requi red  on su r face  and 

(*)From Reference 1. 

(3)From Reference 3. 

i n i t i a l  H 2 0  and 02 loads.  

TABLE 2 - LM DESCENT CONSUMABLES USAGE 

FOR 79.17-HOUR LUNAR SURFACE STAY W I T H  4 EVA'S'') 
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